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OBJECT: Study of fa i lure  modes and screening techniques t o  eliminate 
potent ia l  fa i lures  of s i l icon planar t rans is tors  manufac- 
by three separate processes t o  the 2N718A specification. 

Process A - Double diffused, with Au t o  A 1  contacts. 

Process B - Double diffused, epi taxial  with AL t o  A1 contacts. 

Process C - T r i p l e  diffused, with Au t o  Al contacts. 

Abstract - 
This report  is preliminary,giving r e su l t s  of an i n i t i a l  stresa 

response surver made t o  c l a r i fy  and adjust  procedures f o r  a large scale, 

Investigation was made of fa i lures  by: 

1. A s tep  stress matrix of  temperature, temperature plus voltage, 
and power f o r  four s teps  and 100 and 500 hour t read lengths. 

2, Step stress of centrifuge t o  150 KG. 

3. Vibration - Shock and Shock - Vibration. 

4. Woiee current measurements a t  5 misro-amperes, 100 c-ycle, 
1,000 cycle and 10,000 cycle and 30 ma a t  1,000 cycle. 

Techniques f o r  screening t o  noise l i m i t s  are reviewed together with 
some indication tha t  a noise screen can be used t o  decrease the percen- 
tage f a i l u r e  of some individual types of fa i lure .  
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1.0 Purpose of the Project 

The purpose of the project is  t o  determine the f a i l u r e  modes 
fo r  t rans is tors  manufactured by three d i f fe ren t  processes. 

From t h i s  study a specif ic  screening method W i l l  be established 
and teg- so as t o  learn a l l  possible fac tors  necessary t o  screen 
t r a n s i s b r s  to improve fai lure  ra tes .  

1.1 Details Covered i n  t h i s  Report 

T h i s  report  essent ia l ly  covers the complete r e su l t s  of Phase I 
of the experiment and provides some preliminary information on 
Phase 11, 

Phase I consists of a 6 X 4 s tep s t r e s s  matrix e l ec t r i ca l  experi- 
ment showing the e f fec ts  of temperature alone and temperature plus 
voltage. 
s tep shock v i b r a h n  and a vibration shock experiment were covered. 
This experiment was designed t o  use a small sample and provide a l l  
possibfe baskc factors  necessary t o  fin a l i z e  a la rge  sample matrix 
experiutent t o  test  the screening methods. 

I n  addition, a 4 step centrifuge experiment and a two- 

1.2 Matrix Details 

Fig; 1.2.1 covers the matrix de t a i l s  of the experiment completely. 

1.3 This report  covers the following: 

1. Status of the project. 

2. Comparative r e su l t s  of the s tep  stress experiment. 

3 .  Failure analysis of representative devices. 

4. Preliminary r e su l t s  of the noise investigation. 

5e Preliminary review of phase n. 
6. Modifications t o  the project. 

7. c o a f i b s i e ~ ~  possible from resu l t s  t o  date. 

1.4 Status  of the Project 

The progress t o  date is about two weeks behind the or iginal  
schedule proposed i n  October Letter Report. Delay has been caused 
by the tan-expected work load on the noise t e s t  equipment and by an 
un-anticipated increase i n  the data  edi t ing and ver i f icat ion pro- 
cedure. 

Both procedures are pr6ducing suf f ic ien t  valuable additions t o  
the or iginal  in ten t  of the project t ha t  the delay is  w e l l  jus t i f ied .  
The data edi t ing and noise testing a re  hand tes t ing  operations and' 
can only be done by a single sk i l led  worker a t  a time. 

the centrafuge t e s t  of a l l  u n i t s .  
Status of Phase on March 31 shows completion of a l l  t e s t s  t o  
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1.5 Brief Outline of the results 

le Dominant modes of fa i lure  f o r  each of the  three p r e e w  ware 
detemined and found t o  differ both i n  the percentage i .naluW 
i n  the d is t r ibu t ion  and i n  nature of the f a i l u r e  caused. 

2. In  general, t i m e  dependency of the experiments shows a 5f2 
relationship (5X time produces 2X fa i lures ) .  
somewhat wi th  stress and with process. 

This varies 

3. The acceleration fac tor  appropriate t o  estimate f a i l u r e s  by 
use of temperature as a subst i tute  f o r  time,varies with process. 

4. Noise can be used as a screen t o  eliminate potent ia l  fpilrrr- 
but the re la t ion  between test l i m i t  and f a i l u r e  rake hprewe- 
ment varies w i t h  process and with measurement condit.ima. 

5. Woise is generated by mechanisms which are re la ted  ts&egr&tion 
and by mechanisms which are not re la ted t o  d e g r a d a * h  Aa a 
resu l t ,  screening t o  a noise  l i m i t  can decrease r e f b b k l i t y  as 
well as  inorease re l iab i l i ty .  

6 .  The degradation associated noise mechanism becomes more aet ive 
with usage of the transistor.  
stress w i l l  be more effective than t e s t i n g  a new tramsister. 

Testing after an e l o s k k d  

7. Dominate f a i l u r e  modes were found t o  be: 

Process A Collector Base Surface Degradation 
Process B Lead Bond Failure a t  Post 
Process C Collector Base Bulk Degradation 

80 The experiment as now planned should show a signif icant  improve- 
ilerrt i~ the  r e l i a b i l i t y  d each ef the 2 processes d~!= s&dt;ted 
t o  the  planned screening procedure. 

200 Results of the Matrix Experiment 

Details of the s tep s t r e s s  experiment and the numbers of failures 
for eaoh type of s t r e s s  a r e  shown i n  Section 2 as folleprst 

2.1 Temperature Stress  
2.2 Temperature plus Voltage 
Z,3 Power Stress  
2.4 Mechanical Step S t ress  
2.5 Conclusions 

2.1 The Effect of Temperature Stresses 

10 uni t s  from each process were submitted t o  a 4 step 100 hoar 

These temperature levels were intended t o  produce failure 
tread s tep stress test a t  250 C ,  300 C,  340 C, and 380 C, l o t  number 
343201. 
r a t e s  < 10, 10-50, 50-9, and >SO$ Another 10  uni t s  from each process 
were subuiitted t o  the same stresses f o r  500 hours on each tread. 
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2.1,l Fig, 20101 is  an approxienate Arrhenius p lo t  of the results obtained 
on t i e  combination of a l l  &pee processes, 

The data is only a roukh approximation, but tends t o  indicate 
tha t  500 hours does not prodace a 5 t o  Z increase i n  f a i lu re s ,  
This supports the assumptions made i n  the screening experiment 
where weak a n i t s  are expected t o  f a i l  ear ly ,  

This curve a l so  shows %he approximate relht ion between tempera- 
tu re  and failure ra te ,  

The i n i t i a l  estimace of 380% f o r  the  upper l i m i t  OP lo@ fa i lure  
with temperatures was confirmed by s tep 4, 

Fig, 2,1,2 and 2,jo3 show the  tabulated values of ICBO for  the 
combined loots (Process A + B + C> 

The use sf AI - A!. eorrtoct system did not improve operation 
above 380 C (Cold Melting Point) ,  

This was due to use of gold t o  mount t h i s  header and use of 
gold banding ai the post. 

2.1.2 Fig. 2,1,2 shows the  tabulated d is t r ibu t ion  of values f o r  ICBO 
f o r  the combined 3 processes a t  the 100 hour tread length, 

2.1.3 Fig, L l .3  shows the same dis t r ibut ion f o r  the 500 hour tread, 

Examination of t h i s  shows l i t t l e  elear d is t inc t ion  between 
the 108 hour and 500 hour treads f o r  most units.  
u n i t s  show a greater degradation on the 500 hour tread,, 

About lo$ of 

Small sample s i z e  ts;ly be the reason f o r  the  small percentage 
&angee 
the  la rger  sample s i z e  of l a t e r  phases t o  make conclusions. 

This was t e h w  tiie ejliei;;tei: peicetitage aiid -vi11 reqvrire 

Fig, 2,”,4 is a table  showing the cumulative catastrophic f a i l -  
u r e  count fer the 3 processes individually with the 100 hour and 
500 hour r e su l t s  compared, 
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Fig. 2.1.4 

250 c 300 c 340 C 380 C 
rocess F i r s t  Step Second Step Third Step Final Step 

.4 c 
A 0 0 1 ' k 0  k?2? 

4 4  m a  

@ e a  
B 0 0 1 440) (d E- 

4 ,au 

b l  t n e )  c q &  
C 0 l ( C 1  we) 4(ac2 type) r( a 

d h ( V  

CUMULATIVE CATASTROPHIC FAILIJRE COUNT SupiEaARY FOR EACH STEP STRESS CELL 

PER MANUFACTURER UNITS OPEN,SHORTED, ETC. 

250 c 300 c WC 380 C 
F i r s t  Step Second Step Third Step Final  Stc 

0 
-4 
0 
a h  
0 4  
kB, 
4 4  

0 0 0 
Both m a  

0 I(C2 Type) 2(c2 Type) 3.5; 
ad+, A l l  A l l  

0 4 ( C 1  Type) 5(C, Type 2 2 cv 
4ev 

(10 Devices Per Process Star t ing)  

Temperature Step Stress  With No Reverse Collector Voltaee 

100 Hour Duration 
Per Step 

Call f343281 

500 Hour Duration 
Per Step 

C e l l  #343202 
I 

The one catastrophic f a i lu re  o r100  hour f o r  Proeess A is  ineesais tant  

with no f a i lu re s  on 500 hoar tread. 

Otherwise, the over-all catastrophic f a i lu re  count does indicate tha t  

ti- is important i n  Process a and C, 

Process C does show much more response t o  time than t o  temperature as  

indicated by 4 f a i lu re s  a t  500 hour 300 C instead of 1 a t  the 100 hour test. 

Sample size is much too small t o  make def in i te  conclusions. 
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C'MJUTWX i " m G E  D E G W A T I O N  FAILURE COL'trT S b W R Y  F3R EACH STISP S-IXESS 

CELL PER PROCESS 

(10 Devices Per Process S tar t ing)  

Temperature Step Stress  With No Reverse Collector Voltage 

2% c 300 c 340 C 380 C 250 C 300 c wc 380 c 
First Step Second Step Third Step Final Step F i r s t  Step Second Step Third Step Finals tep ocess 

A 

, 

, 

! 

B 

C 

100 Hoar Duration 
Per Step 

Cell #343201 

500 Hour Duration 
Per Step 

Cell #3432O2 

Fig. 2.1.5 shows the cumulative f a i lu re s  separated by Prucess 

A f a i l u r e  is here defined as ICBO greater than 10  microampers, f a  10 

Pricro amperes. 

t €bkts from Process C contributed a l l  fa i lure8 of the high lmduige 
, I 

type 9 i 

Temperature and time both are effect ive but-590 hours does not pro.- i 
! 

duce 5X the  failure P&d: 



Effects of Temperature plus Voltage 

Cell f34.3203 

2% i: 300 c 340 C 380 C 
'ocess F i r s t  Step Second Step Third Step Final Step 

A 
I d  
0 8 )  
h 4  ~. +1 a co E- 

A 0 0 0 
All a d @  

B 0 0 5(C7 Tme) 2 !!! 
i l  c i  Type) (4  ~2 Type) CJ "2 

C l ( C 1  Type) 2(1 C2 TY~e]5(1 C1 Type) d - r i k  a 
4 aw 

N 

2.2 

2.2.1 

2,~. 3 

Cell 1343204 

250 C 300 C w c  380 C 
F i r s t  Step Second Step Third Step Final Steg 

A 
I d  

both o e  
l(C2 Type) 2(C2 type) 3 % 

1(c7 Type) 5(C2 Type) % 8 
(2-Cl  T m )  (4 Q Type) ~ . r l  

03 e- 0 

0 
All 0 .I+ 9) 

3" 24  
1 ( C 1  Type) 3(1 C2 Type)9(5 C2 Type) ,-I A au 

4 a- 

The addition of voltage t o  the temperature a s  shown by experiraent 
343203 and 343204 shows a substantial  increase i n  the m e d i a n  read- 
ings and higher percentiles as shown by oomparison of 2.2.L & 
2.1.2 tables of ICBO distributions.  
temperature plus voltage readings. 
cated i n  the upper 10th percentiles and above. 

Fig. 2.2.2 shous 5043 hitar 
This is also higher than indi- 

258 c 300 c wc 380 C 
mess F i r s t  Step Second Step Third Step Final Step 

A 0 0 0 

2 B 0 1 

0 
P . .ri 
+1 
0 

* a  
COP 

E d  
C 2 3 8 $3 

Catastrophic Failure Count by individual processes is shown irp 
Pig. 2.2.3. 
doubled due to  the 5OQ&notp. over the 100 hour step. 

Failures began a t  250 C i n  the Process C and alnost 

250 C 300 c 344c 380 C I 

F i r s t  Step Second Step Third Step Fin31 Step 

I 
s" . .rl + 

0 o t  4 

0 0 4 L - Ga3 m P  
2 5 10 

A rough estimate of 5X time produces 2X fa i lures ,  
fhe r e s t r i c t ion  of the small sample s i z e  seems appJicabh Le m y  
of the 3 processes or  a l l  combined as shown i n  2.1.1. 

This within 

Fig. 2.2.3 

Temperature Step S t ress  With Fixed 30V Reverse Collector Voltage 

Fig. 2.2.4 Cumulative Leakage Failures by Process 

Temperature Step Stress With Fixed 30V Reverse Collector Voltage 

100 Hour Duration 
Per Step 

Cell f343203 I 

500 Hour Duration 
Per Step 

Cell #343204 
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2.3 Failures due t o  Power Stress  

Failures due t o  power s t ress  appeared considerably be* # m t  
which could be expected on the basis of f a i lu re s  due t o  teqm~o- 
tu re  o r  temperatures plus voltage. 

From the rated thermal r e s i s t i v i t y  of the 2N718A speeificatiob, 
4 watts o r  437 @/watt, the junction temperature would be 462 fl fer 
the 1,000 DIW dissipation level. 

The rat ing as specified on the 2M718A is so over conservative 
tha t  a t rans is tor  operated a t  the 1,000 mw l eve l  would be operating 
far i n  excess of destructive levels. 

The 1,000 mw level ,  however, shows very acceptable performanee 
due t o  a much lower actual thermal resistance. 

This i l l u s t r a t e s  one of the dangers of using specification 
values which were consistently improved on actual  l o t s  of semi- 
conductors produced. 

2.3.1 Thermal r e s i s t i v i t y  measured values. 
Junction Temperature a t  different  power leve ls  

PROCESS RESISTIVITY 500 mu 670 830 1000 -- 

B 284 167 211 261 309 

C 286 168 217 262 311 

2.3.2 The d is t r ibu t ion  of In f o r  the 100 hour and 500 hour t read (2.2.1 
and 2.2.2) show reasona uBg l e  comparison of the dis t rubut ioa fer 
300 C temperature plus voltage. 

These values a re  shown on Z03.Z.l and 2.3.2.2. 

2.3.3 Catastrophic f a i lu re  count by individual processes as shLHw ia 
Fig. 2.3.3 

When catastrophic fa i lures  a re  counted instead of shift in 
the  median values, power s t r e s s  produces a substant ia l ly  higher 
f a i l u r e  than would be expected from thermal r e s i s t i v i ty .  

Catastrophic fa i lures  of 830 mw compares with f a i l u r e e  ot woC 
rith combined temperatures and voltage. 

This can be attribu'ted t o  t he  311-311 C/w thermal r e s i s t i v i t y  
being an average value and many of the units would have higher 
thermal r e s i s t i v i t i e s  causing a percentage of units operating a t  
a junction temperature substantially above the 311" C. 
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The questions involved do require a more detai led st* &sing 
the phase I1 and I11 larger  sample s i z e  f o r  comparison and ident i -  
f ica t ion  of causes. 

'ocess 

A 

8 

2.3.3 also shows a t h e  dependency of f a i lu re s  which was not 
so pronounced on a l l  3 processes with the other experiment. 

500 mw 670 mw 830 mu 1000 mu 
F i r s t  Step Second Step Third Step Fourth Step 

0 0 0 0 

0 0 0 1 (c2 Type) 

Fig. 2.3.3 

Room Ambient Power Step Stress  With Fixed Collector Voltage 20V 

100 Hour Duration 
Per Step 

500 Hour Duration 
Per Step 

Derice parameter characterist ics f o r  the C1 catastrophic faihre 
type for  the  C 1  catastrophic fa i lure  type are  extremely degraded as 
skort €-E junution (BVCEO <lV> and/or excessive CB o r  CE reverss  fead6- 
age current ( 7 100 p a )  . 

Derice parameter characterist ics f o r  the C catastrophic failare 
type a re  out of range (or  approaching such) rea  2 ings f o r  voltage, satur- 
&tion and/or Ig  readings for  dc gain hpE. 
-* 

In  many cases these ~ ~ r t  

2.3.4 Cumulative leakage f a i lu re s  by process 

This table  shows the cumulative leakage f a i lu re s  by pracess 
due t o  the pouer s tep stress. Failure i s  defined as a uni t  
exceeding 10 uA ICBO. 

Failures as  indicated by degradation i n  I 
pat tern similar t o  those indicated by shorts. 

follows P CBO 

The f a i lu re s  were more severe than indicated by the tempera- 
t u re  plus voltage test (Fig. 2.2.4) f o r  process A units and l eas  
severe f o r  Process B and C units. T h i s  is also an inconsistency 
which w i l l  require re-evaluation with the la rge  sample of phase 
I1 and 111. 



rocess 

A 

B 

C 

500 670 mw 
First Step Second Step 

Q 0 

0 0 

Fig. 2.3.4.1 

Room Ambient Power Step Stress  With Fixed Collector Voltage - 20V 

830 mu 
Third Step 

0 

0 

0 
I 

0 0 

1000 ulw 
Final Ste] 

0 

0 

1 

500 mu 
F i r s t  Step 

0 

0 

0 

500 Hour Duration 
Per Step 

Cell #343206 

1000 rDV 

I 3  1 4  
I 

2.4 Bffects of Mechanical Step Stress 

Three dechanical s tep s t ress  experiments were made, 

I n  general, information produced w a s  too smal1,for interpre- 
ta t ion  with any great  confidence. 
r e s u l t s  of each individual failure.  

The r e s u l t s  a r e  shown 

2.4.1 Centrifuge Step S t ress  Test 

The centrifuge s tep s t ress  consisted of l o t  343-207 submitted 
t o  20, 50, 100 and 150 kg centrifuge acceleration on the Xi 
Y2 axis.  

Failures occurred t o  2 u n i t s ,  both from Process C. 

Unit C9l f a i l ed  a t  f i r s t  s tep  (20 KG) open due t o  broken 
Unit C451 fa i l ed  a t  s tep 3 (100 KG) due t o  broken 
This un i t  is  shown i n  photographs para, 3.6.4.2. 

lead bond. 
lead bond. 

Such f a i lu re s  were consistent with the micro cracks found i n  
Process C uni t s ,  

2.4.2 Lot 343-208 Shock - Vibration Stress  Units were given 20 blows of 
shock of 3000 G This was followed in step 
2 by vibration i n  each of 6 planes f o r  10 minutes a t  409 1.5 keps,. 

.2 m sec on 6 planes. 

Unit No. C485 showed hugh ICBO leakage of end of s t ep  2. 

There is no c lear  understanding i f  t h i s  change was assaciated 
with vibration. Similar changes occurred i n  storage of these units. 

2.4.3 Lot 93-209 Vibration - Shock Step S t ress  

The two s teps  of 34-3-208 were reversed i n  this test t o  learn 
i f  shock would weaken and vibration destroy o r  i f  the  opposite 
reaction would occar. 



i 9  

Unit C78 f a i l ed  high leakage a t  the i n i t i a l  t e s t ,  T h i s  tends 
t o  confirm the conclusion of previous tests. 
high leakage a f t e r  vibration. 

Unit C325 s h e d  

2.4.4 Conclusions 

The use of mechanical s t r e s s  i n  the leve ls  shown does lppt 
cause suff ic ient  damage to  be detectable on uni t s  other than 
those tha t  a r e  s t ructual ly  weak. 

The more detai led work of phase 111 m a y  show a small pertswat- 
age does shif t ,but  t h i s  w a s  concealed by the  small sample k s M .  

2*4.5 Work Unfinished 

The 3 process C units which fa i led  during or pr io r  t o  the 
mechanical s t resses  W i l l  be submitted t o  the next l o t  of failare 
analysis. This m a y  aid i n  learning i f  the stress acted t o  
increase the character is t ic  cracking under lead bonds that w a s  
reported as  a dominate fa i lure  mode i n  para. 3.8.2.3. 

2.5 Conclusions found i n  S t ress  Experiment 

Phase I of t h i s  experiment had a primary purpose of finding 
any inconsistency i n  Phase I1 and I11 of the program as planned. 

The d e t a i l s  shown i n  this report  do give some ideas ef the 
f i n a l  r e su l t  but a re  not conclusive i n  most aspects. 
conclusions can be made from the data presently available: 

The follow- 

4 1. The experiment as planned should provide a sound understanding 
of the merits of the screening method proposed. 

2. The chosen s t r e s s  levels  and times should produce adeqmte 
f a i lu re s  t o  provide good confidence i n  the results. 

3. The re la t ion  between r e l i a b i l i t y  and f a i lu re s ,  t o  any -e 
fixed s e t  of l i m i t s  is  a complex relationship which is not, 
conclusive when making d i rec t  compwison between semiconductors 
manufactured by different  processes. 

4. 
. 

The effect  of time varies i n  each of the three processes and 
each of the three e lec t r ica l  s t resses  employed. 

5. The acceleration factor due t o  temperature is  not a canstant 
but  varies fo r  each of the three processeso 

Voltage effects  d i f f e r  for each of the 3 processes. 6. 

2.6 Future Analysis 

1. The differences i n  3 processes i n  response t o  time and temper- 
ature can be due to  basic differences i n  the processes or  can 

containing a par t icular  fa i lure  mechanism. 
conducted on the larger sample sizes t o  es tab l i sh  t h i s  relation. 

be due t o  the inclusion of d i f fe ren t  percentages of un i t s  - / 
Analysis will be 



2.6 Fature Analysis (Cont,) 

2. Review of preliminary data from Phase I1 showed an uncontrolled 
variable which may explain some of the inconsistances. This kff 
the t i m e  between temperature stress and test .  
been shown t o  have a substantial difference when tested with a 
long delay rather than a short delay. 

Process A ha% 

A supplemental experiment using the mechanical and power t e s t  
survivors from phase I i s  being planned t o  determine tk laottitrcs 
of t h i s  variable. 

3.0 Failure Analysis 

3.1 Purpose 

This section covers r e j ec t  analysis and includes a review of 
the f a i lu re  analysis procedure, 
c l a s s  code system was explained i n  Quarterly Report No. I. 

Details of f a i lu re  meohanise% ped 

3.2 Procedure 

Units which showed fa i lu re  o r  marginal r e su l t s  were removed 
f r o m  the  test  and submitted to  e l ec t r i ca l  f a i l u r e  analysis. 

Each f a i lu re  was  c lass i f ied by the c l a s s  code which was roat 
applicable t o  the par t icu lar  failure.  

Units then were submitted to the stresses, and mechanical, 
chemical, o r  spectrographic analysis where indicated. 
were made of a l l  types of fa i lures  v i s ib l e  under the microscope 
or on the curve tracer.  
of the fai lures .  

Photographs 

This report covers the specif ic  de- 

3.3 Additional Failure Class 

Failure c lass  code (h) was used t o  ident i fy  a f a i l u r e  mechanism 
characterized by an opera collector. 



3.4 Failure Conditions Observable on Curve Tracer 

IV/Sq. 
Fig. 3.4.1 - High ICBO due to  surface 

defect. 

IV/Sq. 

Fig. 3.4.1 shows high ICBO as  

indicated on a curve tracer. This 

leakage was  due t o  a surface fa i l -  

ure. 

voltage is characteristic of surface 

The shape of the curve a t  low 

20 MA - fa i lures .  
Sq. 

The conditions which cause surface 

f a i l u r e  of t h i s  type are reversable. 

The uni t  can be recovered by a high 

temperalure bake with the t r ans i s to r  

cap removed. 

Fai lure  Class a/b 

Fig. 3.4.2 shows a uni t  ..aving high 

ICBO due t o  an in te rna l  defect. The 

difference between this and the previ- 

ous curve is a s o f t  exponentially 

increasing current as  opposed t o  the 

saturat ing nature of the  previously 

described surface leakage type. 

T h i s  type of f a i l u r e  condition is not 

reversable and must be ver i f ied  by 

mechanical examination. 

.1 MA 
sg. 
- 

Fig. 3.4.2 - Leakage due t o  in te rna l  defect. 
Fai lure  Class c 



20 MA 
sq 
- 

Fig. 3.4.3 show the trace of ICE0 

of a cractked unit. SevePal stepped 

noisy breakdowns are sometimes seen 

with cracked units. 

Failure Class d 

2ov/1 sq. 
Fig. 3.4.3 - Cracked Unit. 

This picture shows the effect of 

badly degraded frFE. This is due 

mostly to a surface failure type 'd 

(e - b junction). This is usually 

reversible by heating as the surface 
105 MA 
Sq. recovers. 

Failure Class b 

IV/Sq. 
9 Steps -02 MA 

Fig. 3.4.4 - hFE Degradation 
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j0b05 The previ0~5 examples show the PesaaPts e% the fbs t  prcee&.re 

used i n  f a i lu re  analysis. This information combined with the  

tea% data ahom Q ~ B  t he  analysis sheet such as Figo 3,?.l, 

front of analysis; sheet showing l i f e  data  and 3.?,2 reverse of 

analysis sheet showing observations required f o r  complete alassi- 

Pication of failure modee These are included at, end of 3.7. 

J05 Other Analysis Methociso 

30501 Visual F e i l u ~ e  Analysis 

The next procedure used in fa i lure  analysis is visual examination, 

This Ss done by P a B Q V h g  the cap of the t rans is tor  and examination 

under a iiCkoscopeO 

vis ib le  as shown IM the  series of pictures  i n  3e6, 

Many of the eonditions causing f a i l u r e  a re  

3 0 5 0 2  Reaction t o  Gas 

The units allso uem opened and subjected t o  N2, 02, air, or  H20 

as a means of fur ther  identification of f a i l u r e  mechanism, 

3.5.3 Analysis by B&e 

Units were also baked a t  200°C OF 300°C t o  de t imine  i f  effects 

were reversible. 

3.5.4 Re-test of noise a f t e r  recovery by baking 

Units which recovered by the high temperature bake were re-tested 

%OF noise, 

i s  inconclusiveo 

Boise part ia l ly  Feeovered on some uni ts  but evidence 

This wiPB. Justify- a mope detai led-  study, 

30505 EBe~i%~oByt%c P P . c B ~ ~ ~ u ~ P ~ s  

Suspected cracks and a~ysta91 damages under lead contacts were made 

visible  by eBectrs1flieaKLy dissolving gold wires and aluminum con- 

t a c t s  in a high pH KCN ss lmt iono  

bonds may i n  i t s e l f  cause damage which masks the or iginal  defect, 

Any physical procedure t o  remove 



J e 5 0 6  Examination by Luminescenee 

Examination for micro-cracks or micro-plasma was made by observ- 

ing the transistor under a high power microscope while passing 

high reverse currentse 

ing micro-cracks or micro-plasma (hot spots) whioh would not be 

visible otherwise, 

3.5.7 Cap Discoloration 

Frequently, this procedure reveals glow- 

Observation of the interior of the cap m a y  show discoloration which 

can be used as a clue to the failure type. Discoloration indicates 

presence of an oxidizing gas. 

j05.8 Mass-Spectrometer Analysis Gas Analysis 

Nine units were submitted to gas analysis by the mass spectro- 

meter to determine differences in the gases present in the cap, 

Fig, 305.801 and 30508e2 show the reports returned from the spec- 

tromet er . 
One process c unit submitted as a control sample proved to be a 

l e ~ k e r ,  as idicated. by a 0 gas Yalume a f t e r  the 'r-" --trometer 

containing the unit had been pumped down. 

Larger numbers of failures due to phase I1 and I11 tests will per- 

mit better correlation between failure mode and gas present in the 

cap 





-- . 

, -  

Sample No. 

Sample Description: 
Transistors, NASA Contract 8-11059 

Transistor 
No. Water 

0 . o q  

0.2 

- 

Nitrogen 

77.7 21.2 

99.4 - 
98.7 

Date: Feb. 21,1964 

File No. ;I I 
I 

Carbon Liter 
Argon Dioxide Microns 

1.04 - 16.7 

0.2 0.2 22.7 

0.2 1.1 41.1 

MATERIALS EC PEOCESSES LABORATORY 
Building 3, Rm. 13, Ext. 3139 
Electronics Park 

FIGURE 3.5.8.2 



3 5 a 8 Spectrographic Analysis Resui ts 

Spectragraphic analysis of the pe l l e t  was made on 2 units  t o  

determine the presence of Germanium i n  the  p e l l e t  mount alloy. 

This would help t o  explain the f a i lu re  by open col lector  under 

high temperature s t resses  because of the lower melting point of 

gemanium - gold alloys. 

A small aaount of germanium uas present i n  the €Wocess B uni t  but 

not i n  the Process C unit. (See Figure 3.5.9.1) 

3.6 Failure r e su l t s  as shown by photographs. 

3.6.1 Some but not a l l  fa i lures  produce r e su l t s  v i s ib l e  on a photograph 

made d i rec t ly  of the open pel le t  without treatment suoh as etch- 

ing and other processes. 

This section shows phatographs such as can be seen without the 

special  techniques, 

Any individual f a i lu re  may be due t o  a combination of effects ;  

some vis ib le  on d i r ec t  viewing (or photograph), others v i s ib l e  

a f t e r  special, t rsataent  and still o+Yhers which zre aore easily 

understood from other types of measurement. 

3.6.2 Failures - Class C 

Bulk degradation fa i lures  may be characterized by high ICBO, soft 

BVCBO curves o r  breakdowns at low voltages. 

This f a i lu re  type occurs most frequently on a reserve bias  tes t  

under very high temperature conditions and may develop i n  use i f  

power surges from power supplies occur, 

The defect may i n i t i a t e  a t  some internal  defects os micro-craok 

s i t e c  

aluminum ring area,  

Severe thermal runaway may occur a t  the local ized area. 

A localized alloy spot frequently is  located under the 



RID 655-26 (3-611 G E N E R A L @  ELECTRIC 
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Reject Code C 

Figure 3.6.2.1 
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Unit: A 257 Lot # 343201 

St ress  Type: Temperature Only 

Failure Step: 4 a t  380°C 

(Theoretical lo@ Failure Temperature) 

Reject Code: C 

Gold of B-lead alloyed into the  Si 

short . 
cb 

b - opened; (e - opened during tes,) 

Unit: A 527 Lot # 343206 

St ress  Type: Power 

Failure Step: 2 a t  670m 20V 

Reject Code: C 

1. Gold of B-lead alloyed into Si 

cb short. 

2. b melted open. Au diffused deeply 

in to  A 1  r ing (up t o  point 2). 

Figure 3.6.2.2 



3s 
Unit: C44l Lot # 343201 

Stress Type: Temperature 

Failure Step: 2 at 300°C. 

Reject Code: C 

Crack under base lead (visible) - con- 
firmed by electrolytic solution of 

contacts . 

- - -  

Figure 3.6.2.3 

Unit: C122 Lot # 343201 

Stress Type: Temperature 

Failure Step: 2 at 3OO0C. 

Reject Code: C 

Crack under base lead (visible) 

Figure 3.6.2.4 



Figure 3.6.2.5 

I 
Figure 3.6.2.6 

Unit: C209 Lot # 202 3/  

Stress  Type: Temperature 

Failure Step: 3 a t  ~ O ' C  

Reject Code: C 

Cracks under the base lead bonding 

(v is ib le  here a f t e r  dissolving electroy- 

t i c a l l y  gold wires and aluminum ring). 

Unit:  C180 Lot # 343201 

St ress  Type: Temperature 

Fai lure  Step: 3 a t  %O°C 

n- naject  - Code: C 

1. Crack under the base lead (v is ib le  

a f t e r  dissolving of the gold lead). 

Black spot is  an al loy defect  s i te i n  the 

base ring. 

2. 
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Unit: B 150 Lot # 9 3 2 0 3  

Stress Type: Temperature and Voltage 

Failure Step: 3 ( 2 )  a t  340°cand 30 v 
Reject Code: C 

Bulk Degradation b - c 

Figure 3.6.2.7 

Magnification of the Failure Spot. 

Figure 3.6.2.8 



33 

3.6,3 Failures Class d 

Class d fa i lures  are  characterized by CE. shorts or  low breakdown 

voltages l i a i t e d  by CE punch through, BVCEO double switch backs 

also fall i n  t h i s  category, This f a i lu re  type occurs most f r e -  

quently on power dissipation and can be caused by voltage surge8 

i n  equipment, 

The f a i l u r e  can i n i t i a t e  i n  a defect s i t e  o r  microcrack i n  the 

emitter aluminum areao 

through the base and eventually in to  the collector.  

An *N* doped alloy spot penetrates down 



3+ Reject Code f (opens) 

Figure 3.6.3.2 

Unit: C529 Lot # 93204 

Stress  Type: Temperature & Voltage 

Failure Step: 

Reject Code: fl 

3 a t  mot+ 3OV 

1. The emitter wire is open, due to 

b r i t t l e  Au-A1 compound ("purple 

plague" ) f onnat ion. 

2. Probably cracks vis ible .  

3. Indicates base-aluminum r ing poorly 

processed. 

Unit: C457 Lot # 343207 

Stress Type: Centrifuge 

Failure Step: 4 a t 1 5 0  KG 

Reject Code: fl 

1. h i t t e r  w i r e  of p e l l e t  a t  A1-Au 

interface.  

2. A1 base-ring badly scratched. 

2a. Foreign material on p e l l e t  (not 

i n t o  the junction). 

3. b-c junction goes i n to  the edge (does 
not occur as f a i l u r e  a t  t h i s  test) .  

Oxide defect in to  the e-b junction. 4. 



Unit: 72 Lot # 343204 

Stress Type: Temperature & Voltage 

Failure Step: 3 a t  woe+ 3OV 

Figure 3.6.3.3 

Figure 3.6.3.4 

Reject Type: f3 /a  

1. The emitter wire is broken due t o  

Au-A1 b r i t t l e  compounds diffused 

up into t he  wire. 

2. "Purple Death* i n  base. 

3. Scratched A1 base ring. 

Unit: B 405 Lot # 343203 

Picture of one of the  weak post connec- 

t ions of the B-units. 

Wire almost cu t  through due t o  excessive 

bonding pressure. 

of B process using A 1  wire: 

A 1  wires a re  bonded t o  Au plated posts. 

Many units  of type B exhibi t  overbonding 

a t  these points. The very th in  A1 wire 

sections resu l t ing  are very susceptible 

t o  Au diffusion a t  high temperatures and 

Reason f o r  most rejects 

f4  

break off ea s i ly  under r e l a t ive ly  mild 

stresses. 



3 6  

Unit: B 383 Lot # 343202 

Stress Type: Temperature 

Failure Step: 2 at 300°C. 

Reject Code: f4 

Very weak post connection (not visible 

here) 

The crack in this case did not cause 

failure because it did not extend to a 

Junction. 

Figure 3.6.3.5 



3 7  
Unit: c160 Lot # 343201 

St re s s  Type: Temperature 

Failure Step: 2 a t  300*C. 

Reject Code: d 

1. 

2. 

Crack i n  emitter - collector.  

Note aluminum base r ing  is scratched 

over the b-c junction. However, this 

is  not responsible for failure of t h i s  

device . 

Figure 3.6.3.1 

3.6.4 Failure Class F 

Class F fa i lures  a re  characterized by open w i r e  connections a t  

d i f fe ren t  places and for different  reasons. 

the pe l l e t  Aluminum-Gold interface due t o  formation of br i t t l e  

Au-A1 compounds (f-1). Another c l a s s  of opens occurs a t  posts 

due t o  bonding under poor uonditions (f-4). 

the  w i r e  melting open during very high temperatures during ther- 

mal runaway conditions a re  c lassi f ied (f-5). 

Poorly alloyed aluminum contacts may tear open under stress - f-2 
f a i l u r e  Severely overbonded gold nailhead or TCB bonds are easily 

penetrated by Aluminupl from t h e  underlying contacts, under high 

thermal conditions and result i n  broken wires - (f-3). 

Opens may occur a t  

Fai lures  caused by 
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3 e? Representative Analysis Sheets f o r  Fai lure  Analysis 

The work sheets used f o r  several  of the most in te res t ing  
f a i lu re s  a re  included as Fig. 3.7.1 - 3.7.12. 
t r a t e  the many steps used in  determining each form of fa i lure .  

These sheets i l l u s -  

Ful l  explanation of each of these steps would be too complex 
and detai led t o  be jus t i f ied  as a par t  of this report. 
number of work sheets on hand a l so  i s  too large to  include as  a 
par t  of the report, 

The t o t a l  

All t e s t  sheets are available f o r  analysis where circumstances 
indicate a need t o  review the data. 
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SUMMARY * .  
1. Failure  Mode: / e" /  I , b . f w r  O P . ~ ~ A  ' ' LAY b f  r / r v c c f  
2. Reject Code Type: C 
3. Failure Analysis Prwedure: See, below. 
4. Fai lure  Mechanism/s, baht cause/s and conclusion/% : 

5. Recommendation/s for corrective aution: 

I , 
I 

, 
I FAILURE ANALYSIS PROCEDURE 

I - Project Engineer 

ENGINEER1 NG : 

.y. q ~ >c.~P;~,m,,l re.*+. / 
R e  ject'halysik Engineer - Quality Control - Review'ed By 



GENERAL ELECTRIC COMPANY 

S * P = D .  - SYRACUSE, N.Y. 

FAILURE ANALYSIS REPORT FORM 

CONTRACT: NASA 8-11059 

PROCESS 

F ERSE 
I .  PARAMETER CONDITION STEP 

1 
INITIAL 

3 
STEP 
2 

iy .c . /e  

' %BO2 60v 
'-. 
,'l 

'ED0 5v 
* Jo 

/a 4, f.' 
BVCEO 0.1 ma 

Ib = 5 ma 
IC = 50 m, 'CE (sat  ) 

'BE (sat  ) Ib = 5 ma 

IC = 50 m, 
I 

i 
1 

! 

! 

i 
j 

h~~ VCE = 5v 

IC 

I NOISE 

/ 
" w 

I 7 6 0  lKc 30 nA 

l O K c  30 nufi I l O O K c  30 mA 



FIG- 3.7.3 
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5. Recommendation/s f o r  corrective action: 

FAILURE ANALYSTS PROSEDliRE 

NOTES - , 
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GENERAL ETFCTRIC COMPANY 

S.PID. - SYRACUSE, N.Y. 

FAILURE ANALYSIS W O R T  FOR4 

CONTRACT: NASA 6-11059 

PROCESS 

TEST HISTORY & DATA 

I NOTE 
STEP 
2 

' SEE 
REVERSE 

STEP STEP 
3 4 

PARAMETER CONDITION INITIAL STEP 

!- I '  
I I I 

?3# -7 

M 
A 

> M  I 5v 
4 2  6 

~ E B O  5v 

BVCEO 0.1 ma M 

* d o  

-=r 
/.?. / OJ< 

. I b = 5 m a A  
IC = 50 m a l M  I I VCE(sat) 

c-7- I 
75%. 

2 75. 

p a d .  7YK- Ib = 5 ma A 'BE ( sat ) 

IC M 

I NOISE It- / 40 M C  5 mA 
I I I I * . bd 

I 

1 
520s 4200 7 l O K c  30 mA 

21.00 

I I .  / L /  
I I 
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S K4NA RY -- 4 E * 

4-Y ' ?/+ l.. Failure  Mode: 
Z .  Reject Code Type: c 
3 Fai lure  Analysis Procedure : See t v i  r 
4. Fai lure  Mechanisrn/s basic: cause15 end tcncl~.sion/s: 

FAILURE ANAL'CSIS PROCEDURE 

I f I 

- Project Engineer ' ' '  

ENGINmRING : 

?- 9 247,j ; , , / 
Re jecu'Analysi&Engi.neer - Quality Control , - Reviewed By 
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I b  = 5 m a  

IC = 50 ma 

A 7 90 

M 

7 '  

S.P-D. - SYRACUSE, N.Y. I 

FAILURE ANALYSIS REPORT FORM 
--. 

CONTRACT: . NASA 8-11059 

PROCESS 

TEST HISTORY & DATA 
?F 2 

I NOTE 
STEP 
1 

STEP 
2 

STEP I STEP 
4 3 1  
I I /. 0 

I 
9 

H 

BVCEO 0.1 ma M 
/ 57 

It? = 5 ma I A  I '93' 
IC = 50 m d M  I C E ( s a t  j v 

'BE (sat ) 
7 f 7  

hFE 

I 
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5. Recommendation/s for corrective action: 

FAILW.~ AN~ZYS;IS PROCEDURE 

- 
I .  

ENGINEERINO I 
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CGNTHACT: NASA 8-11059 
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SUMMARY 

1. Failure Mode: 
2. Reject Code Type: 
3. Failure Analysis Procedure: See below. 
4. Failure Meahanism/s, basic oause/s and conalusion/'s : 

5.  Recommendation/s for ,corrective acztion: 
~ . -  

FAILURE ANALYSIS PROCEDURE 43 

J 

ENGINEZRI NG : 

- h  i -_ 

. .--- 
Reject Analydis Engineer - Quality Contro l  - Reviewed By - Project Engineer 
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FAILURE ANALYSIS REPORT FORM 

CONTRACT: NASA 8-11059 

PROCESS 

i 

PARAMGTER CONDITION 

! .  A 
I 5v i' * M 3 1  

%BO2 60v M 

%BO ;!- 
IC = 50 malM 

'BE ( sat ) Ib = 5 ma A 

IC = 50 ma M 

VCE = 5v l A  1 h~~ 

: I NOISE 
~ ~ ~ 

lOOn 5 uA 

M C  5 mA 

IXC 30 nA 

lOKc 30 mA r' 

lOOKc 30 mA . 

SeP-D. SYRACUSE, N o Y o  , 

TEST HISTORY & DATA 

I I I 
INITIAL ISTEP I STEP I STEP 

I I 

I I I 

I I I 

STEP 
4 

4 

' 4  

I NOTE 
SEE 
REVERSE 7 

I 
b 8  j 2*2- 
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:: 1. 
1 2. 

' 3. 
4. 

L Reject Code Type: - 
Failure  Analysis P+oced.ure: See be1.m. 
Fai lure  Mechanism/s basic cause/s and conclusion/s : 

5. Recommendation/s for corrective action: 

FAILURS ANAL'ISTS PREEDUXE 
I 

' 13s" 
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3.8,1 

Summary of Results of Failure Analysis 

Tabulated Results Per Failure Class 

(See page 14 - 23, F i r s t  Quarterly Report f o r  def in i t ion  of f a i l u r e  
c lasses  ) 

FAILURE CLASS 

a. C-B Surface Degradation 

bo  E-B Surface Degradation 

e o  C-B Bulk Degradation 

do C-E Bulk Degradation 

ea E-B Bulk Degradation 

Fl open (Intermetal l ic)  

f3 Broken Wire 

f4 Open a t  Past 

h Open Collector 

Indeterminable 

PROCESS A 

'7 

1 

2 

0 

1 

0 

0 

0 

0 

1 
- - -  

PROCESS B 

0 

3 

2 

0 

0 

0 

0 

4 

5 

0 

14 
- 

PWSSS C TOTAL 

4 10 
(See Below) 

0 4 

11 15 

3 3 

0 1 

4 8 

3 3 

0 4 

2 7 

0 1 

I n  the t ab le  f a i lu re s  were ident i f ied only by the domina& f a i l u r e  
+,h,sggh 2 GI" mre types zf degrdatior? e? f a i lu re  did exist i n  t h e  same 
device, This gives an uulbalaneed impression of Process C, par t icular ly  
where f a i l u r e  type (a) w a s  present i n  a subs tan t ia l  number of fa i lures .  
The 4 un i t s  indicated as surface fa i lures  did not show effects of other 
f a i l u r e  modes i n  amount su f f i c i en t  to classify by the other mode. 

3.8,2 Dominant Failure Mode f o r  the Different Processes 

3,8,2,P Process A 

Surface fa i lure  (a )  is the most prominent f a i l u r e  mechanism. 

The second f a i l u r e  mechanism ( c )  col lector  base bulk degradation 
i s  due to the  gold of the  base lead migrating and alloying i n t o  the 
p e l l e t  so as t o  short  collector t o  base under,OBe extreme thermal 
conditions under which tk units were subjected, 

The va l id i ty  of use of the high temperature f a i lu re s  as repre- 
sentative of over r e l i a b i l i t y  is questionable and w i l l  be careful ly  
reviewed throughout the project, 



3.8.2.2 Process B 

Failure Class (f4) i s  dl;e t o  weak lead bonds in  bonding the 
lead t o  posto The use of aluminum wires increase the problems 
i n  t h i s  area but decreases the other problems of intermetal l ic  
formation (see para. 3.6.4,4), 

Failure Class H occurs when the p e l l e t  seperates from the header. 
The relat ively high r a t e  of failure under accelerated thermal 
s t r e s ses  atw be due t o  the use of a lower melting preform fo r  col- 
l ec to r  bonding containing Germanium. 

The va l id i ty  G f  the use of an acceleration factor  as index 
of r e l i a b i l i t y  based upon this  type of f a i lu re  i s  *estimable 
requiring careful review throughout the project.  

3.8,2.3.. Process C 

Failure type ( c  ) collector-base bulk degradation was the 
most prominent form of fa i lure  and mostly ident i f iab le  by the 
presence of aicro-cracks under o r  near the connections. This 
is probably due t o  excessive lead bonding pressure. Tempera- 
tures  above normal operating range m a y  be necessary t o  develop 
the cracks. 

A l l  f a i lu re s  i n  type (6) showed some degree of type (b) E-B 
surface degradation (hfe degradation) . These units are  most 
s e n s i S h - ;  t o  gain degradation under conditions of the test. 

Failure type (fl) open lead bonds due t o  intexmetallic for- 
mation also was present i n  Process c. 

4.0 Noise Experiment 

4.1 Purpose of the Experimect 

4.B.1 The noise experiment is an evaluation of the hypothesis tha t  a 
noise test can be used as an indicator of r e l i a b i l i t y  or  as  a 
means of screening t ransis tors  t o  improve the r e l i ab i l i t y .  

The experiment was planned t o  draw a c l ea r  d i s t inc t ion  
between the noise which occurs a f t e r  a t rans is tor  has developed 
some form of degradatiomand the noise tha t  may be detectable 
i n  a t rans is tor  and related t o  a f a i lu re  mechanism which is not 
detectable by other more conventional t e s t s ,  

T h e  experiment completed i n  Phase I was d e s f g d  t o  provide 
a sound basis fo r  planning the experiment of Phase If & 111. 

Factors which affect  the complexity of the experiment. 4.1.2 

a. Noise which is  ocauring i n  a t rans is tor  is a measurable 
value which can, i f  sufficiently high, be a cause f o r  rejec- 
t ion  of the t rans is tors  as a fa i lure ,  



4.1.2 

4.2 

4.2.1 

4,2.2 

4.2.3 

4.2.4 

4.2.5 

(Cont . ) 
b. 

C. 

d. 

e. 

f .  

g. 

Noise also MY be correlated d i rec t ly  t o  high o r  low 
values of other parameters. These parameters may be 
degraded and an indication of a f a i lu re  of the device (high 
ICBO, LOW hfe, e t c  1 
The evidence of f a i lu re  of a device such as opea, shorted, 
etc. can cause a decrease i n  noise f o r  obvious reasons giv- 
ing the opposite cause and e f f ec t  relationship. 

Noise which correlates direct ly  t o  some other measurable 
parameter such as 2 and 3 is of l i t t l e  value as a predict@ 
of r e l i a b i l i t y ,  
than other tests and a poor subst i tute  f o r  t h e  other t e s t s .  

Normally,noise t e s t s  w i l l  be more d i f f i c u l t  

Noise e m  be due t o  parameters which have no re la t ion  t o  
reliability as well as due t o  parameters which aze re lated 
t o  r e l i ab i l i t y .  

The mise due t o  parameters unrelated t o  reliahil i ty can be 
of suf f ic ien t  magnitucb t o  conceal the noise which is due t o  
factors  which are  re la ted t o  r e l i ab i l i t y .  

Under the conditions of ( f )  above, it is  possible t h a t  screen- 
ing wits t o  a noise l i m i t  m a y  eliminate more r e l i ab le  uni ts  
than unreliable units and r e s u l t  i n  a decrease i n  r e l i a b i l i t y .  

Summary sf Results t o  date 

A noise test a t  high frequency (100 KC) shows l i t t le  or rn re la t ion  
t o  r e l i a b i l i t y  (Section 4.6) 

Low frequency w i s e  (100 c y d e  or 1,OnO cycle) can be -re p m d ~ c -  
t i v e  in improving r e l i a b i l i t y  but is effect ive agiinst mechanism 
which laay not Be present i n  tPansistors produced by all processes 
(Section 4.7) . 
Measurement of noise a t  low current increases the d i f f i c u l t y  of 
measurement as noiee meters are l e s s  sensi t ive,  have a higher 
background noise and readings have a greater percentage tolerance 
than a t  higher currents (Section 4.5). 

Measurement of noise t o  any predetermined leve l  may reject more 
good uni t s  than bad uni ts  and cause a decrease i n  r e l i a b i l i t y  
(Section 4.6.7). 

The t e s t s  t o  date indicate that a more detai led experiment using 
larger  quantit ies i s  well justif ied.  



4,3 Brief Introduction t o  Noise Theory 

4.3.1 The experimental procedure is  complex due t o  the complexity of 
the noise re lat ions within a t ransis tor .  

A br ie f  review of noise theory, an equivalent c i r c u i t  and r ev ie r  
of the  noise measurement a re  given t o  provide a basis  of explain- 
ing the  procedures used (reference (l), Van derZiel)  provides a 
more detailed exploration of noise i n  semiconductors. 

Noise is inherent i n  a l l  e l ec t r i ca l  c i r c u i t s  and is  due t o  the  
atomic nature of matter, The noise generated i n  any conductor 
o r  r e s i s to r  eorsists of more o r  l e s s  amounts of spontaneous 
f luctuat ion i n  voltage or current. 

Noise i n  semiconductors is due t o  several  d i f f e ren t  mechanisms. 
Some of the  noise sources are not re la ted  t o  e f f ec t s  which can 
have a re la t ion  t o  degradation o r  fa i lure .  Other noise sources 
possibly can be related t o  fa i lure .  

It i s  the purpose of t h i s  experiment t o  i s o l a t e  the noise from 
di f fe ren t  sources, identify those which may be related t o  degrad- 
ation, determine roughly the amount of improvement possible,  find 
some correlat ion between noise frequency and f a i l u r e  and lastly 
ident i fy  the  failure mechanisms witin the noise. 

Phase I of t h i s  experiment covered i n  this report  is  intended 
mainly t o  determine i f  the experiment of Phase I1 and Phase 1x1 
w i l l  be as ef fec t ive  as possible. 

4.3.2 Types of b i s e  Present i n  a Transistor 

There are three differentbroad c lass i f ica t ions  of noise i n  a trans- 
is tor :  f b k e r  noise, snot noise and thermal noise. These three 
di f fe ren t  noise types differ i n  t h e i r  frequency range. 
noise (a lso cal led I / F  noise) is highest a t  low frequencies and 
decreases with frequency. 

Fl icker  

Fig. 4.3,2 shows the approximate re la t ion  as generally under- 
stood. 

Flickcr 

White 
Nobe 

0 4t 

Fig, 4.3,2 Noise Spectrum 



This t p  of noise i s  generated i n  an ohmic 
not require external excitation. 
thermal agi ta t ion of the carriers i n  the material. 
of changes is completely random and therefore the noise s p e c t r w  
is completely uniform throughout the frequency range until  atken- 
at ion due t o  capacity causes a f a l l  off  i n  gain of the transisbar. 

resistance and does 
Thermal noise is due t o  the 

This motion 

Thermal noise increases wi th  temparature and band width. 
t r ans i s to r  has resistance,  it has thermal noise. Thermal noise 
can be represented by an equivalent c i r c u i t  consisting of a voltage 
generator i n  se r i e s  with a noiseless res i s tor .  

Since a 

R 
0 -  

Fig. 4.3.3.1 

4.3.4 Shot b i s e  

This-* of mise is  also due t o  the discrete pa r t i c l e  na$ura 
of charges. 
p le te ly  uniform due t o  the random diffusion of minority ca r r i e r s  
and t o  the random recombination and generation of charges. 

Current which f lows through a t rans is tor  i s  not CQIP~ 

This process is also completely random and has a uniform noise 
spectrum similar t o  the thermal noise (white noise). 

Shot noise i s  proportional t o  the number of car r ie rs ;  i.e. t o  
the current flow, and t o  the temperature and band width. 

The equivalent c i r c u i t  f o r  shot noise current can be represented 
by a constant current generator paral le l  t o  a noiseless r w b b - e .  

0 

Fig. 4.3.4.1 Shot Noise Equivalent Circui t  
. -  

~ . "  . 

4.3.5 Flicker Noise 

This type of noise ex is t s  i n  addition t o  shot noise and thermal 
noise. 
Flicker noise has the 1/F frequency relationship.  

Flicker noise can be divided into two causes. 
face leakage and the  other internal leakage. 

Flicker noise occurb mostly i n  the low freqQency region. 

One wbuld be sur- 
\ 

\ 

i i i 



I n  general as  reported i n  l i t e r a tu re ,  the f l i c k e r  noise is  not 
clearly understood but  sone thidcing is  tha t  the  f l i c k e r  noise  
i s  dtm to the traping of ca r r i e r s  due t o  charges on surfaces. 
Flicker noise has been reported due t o  the conditions a t  the  COR- 
t a c t s  also, 

Flicrker noise d is t r ibu t ion  i s  mostly i n  the region up t o  10,000 
cycles. 
&hc€ thermal R a i s e .  

Above 10,000 cycles the f l i c k e r  noise is masked by saot 

4.3.6 Equivalent Noise Circui t  of a Transistor 

The various noise generators are  incorporated i n t o  an equivalest  
noise c i r cu i t .  
t rans is tor .  

This shows one arrangement of the noise i n  a 

A l l  the  noise sources i n  one element (base, emit ter ,  o r  co l lec tor )  
are represented by a s ingle  noise voltage generator i n  each trans= 
i s t o r  leg. 

I n  addition, a noiseless resistance r e  o r y c  represents the ohaic 
resis tance of the  emitter and co l lec tor  junctions respectively,  
Yb represents the ohmic resistance between the  base contact and 
the  junction, 

The current generator Ai,= r e p r e s a t s  the t ransfer  of current 
from the etlisitter junction t o  the co l lec tor  junction across the 
base region. 

This simplified c i r c u i t  shows the  d i s t r ibu t ion  of 
noise sources i n  the  t ransis tors .  

a ie  

the  d i f f e ren t  

Fig. 4.3.6.1 Noise Equivalent Ci rcu i t  

4.4.1 Test Conditions 

Early i n  the investigations,  the cos t  of noise measurement vs the  
poten t ia l  information, was reviewed and it was expected that  measure- 
ment of noise current  over several points would produce more information 



4.4.1 Cont. 

than making the same number o f  measurements of noise current and 
noise voltage. 

Noise measurements were made by two d i f f e ren t  "Quan-Tech Noise 
Analyzers". One was a modified Mod. 310 and the other a M o d .  3lOB. 

The ranges of the two instruments are shown below: 

.,MOD. 310 HOD. 3 1 0 ~  

Test Frequencies 1,000 -, 200 -, Band Width 100 - , 20 -, Band Width 

n 10,000-, 2,000- * " 1,000-, 2 0 0 d  el 

100,000-, 20 KC m 10,000-, 200- 8s n 

Min. IC l O O y A  5 P A  

Max. IC 30 1 l U A  

I n i t i d .  readings were made at the following frequenciegvoltages, 
and currents. 

IC = 5 y A  - Noise current a t  100, 1000 and 10,000 cycles. 

IC - 3 etA - Noise cu r ren t  a i  1,000, 10 KC and 100 KC. 

4.4.2 Test Circuit 

Fig. 4.4.2.1 shows a simplified circuit diagram of t h e  noise 
analyzer . 
The t rans is tor  under t es t  is powered i n  a 
so th+t IC and VCE are adjustable over the stated range. 

conventional manner 

The col lector  contains a transformer connected t o  the  output 
amplifier . 
Variations i n  gain of the t ransis tor  under tes t  are compensated 
f o r  by a variable gain amplifier which follows t h i s  transfol.lner. 
To control this gain f o r  a uniform gain a t  the output, a 4 4 3 
o s c i l l a t o r  provides a constant s ignal  across a 1 ohm r e s i s to r  i n  
tnt: base circui t .  

This s igna l  is amplified by t he  t r ans i s to r  under tes t  and the vari-  
able gain amplifier. 
t r o l  the g a ,  

The 4 fcc is f i l tered out and used t o  con- 
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Fig. 4.4,2.2 shows the complete block diagram of the t rans is tor  
noise analyaer, 
only i n  power suppsy and frequency ranges covered, 

Both noise analyzers use the same principal and d i f f e r  

4,5 Noise Measurement Coverage 

Informal reports by other investigators both a t  GE and outside 
indicate t h a t  there are good reasons t o  believe tha t  a re la t ion  
betweer. mise ami r e l i ab i l i t y  ex is t s  but ne reperts were fo.md 
where the re la t ion  was successfully proven as a production tecbnigue. 

This section covers some of the prac t ica l  considerations which 
determine the methods necessary. 

b05.1 Noise v8 Frequency and Current 

Figo 4*5*101 shows the average noise f o r  each procesq a t  the 
s ix  measurement points taken, 

The re la t ion  between noise a t  one frequency and another var ies  
f o r  the  th ree  processes, Higher frequency tests show less infor- 
mation due t o  lower values where instrument noise leve l  and re& 
a b i l i t y  become serious problems. 

Fig. 4.5.102 shows a computor d is t r ibu t ion  run out of the noise 
a t  two d i f fe ren t  levels  and times. The first dis t r ibut ion shows 
the effect of the poor readabili ty a t  low levels  where the noise 
which could be assoeiated w i t h  a f a i l u r e  mechanism (if such 
ex i s t s )  would be concealed by the natural  noise due t o  thermal 
and shot t  effects ,  
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Fig. 4,5,1.3 shows a p lo t  of noise variations with col lector  
c-ureiit. This shows comergame irdicat izg tha t  values mder  .Id c d -  
l ec to r  current would be useless a t  1 0  KC and 100 KC. Values a t  100 KC 
would be more useful a t  the 30 mA range as or iginal ly  planned, a t  1 WA, 
the 1 0 0 ~  , 1 KC and 10 XC would be tlseful. 

4.5.2 10 KC Noise 

Data on noise and other parameters was examined and cslculations 
made t o  determine i f  the 10 KC and the 1 KC noise a t  high current 
would produce more useful information than the use of 1 KC noise 
a t  two d i f fe ren t  current l e v e l s .  

From t h i s  s tudy ,  the amount o f  data  seemed much more valuable a t  
1,000 cycles, 
the 1 KC signal a t  a s ingle  current, but the  10 KC would be sub- 
jected t o  greater error due t o  readabi l i ty  and background noise. 

Variations a t  the 10 KC seemed proportionate t o  

The elimination of 10 KC noise would decrease test  time and per- 
m i t  a t o t a l  of 16 item on a s ingle  computor run. 

4.5.3 Reading Fluctuations 

Operator time proved t o  be excessive f o r  t he  programed t i m e  d 
the  complete project,  Two reasons were found. A t  low frequencies, 
the noise meter showed wide fluctuations of reading. 

It w a s  necessary t o  use caution t o  observe the variations of the 
meter and mentally average each reading over a few seconds. 

This fac tor  w i l l  present a serious problem i n  the production use 
of any noise measuremento 

The reasm fer this flnctrration m%v be closely associated w i t h  
f a i l u r e  mechanism and resul ts  from the l / f  nature of Flicker noise. 

Second reason f o r  delays was because t e s t s  were manual and only 
two pieces of equipment were available t o  handle t h i s  contract  plus 
all other tes ts .  

Fig.  Lc.5.3.l shows a dc recording made by the  project engineer 
i n  1960 as an interest ing d e t a i l  incidental t o  the objective of another 
r e l i a b i l i t y  investigation. 
another department. 
obvious of about 100 such traes a l l  of which showed the same e f fec t  i n  
lesser amounts . 

The investigation was made i n  GE but i n  
This curve shows the  de nature of noise on the  most 

The t race represents the dc s h i f t  a t  a s ens i t i v i ty  of I n  = 10 
picoamps per division. 
reading would show readings from 5 t o  45 pA peak during any one minute 
observation. 

Scale range is 1 minute per inch. Such a noise 

Use of equipment of t h i s  kind was not possible i n  this invest i -  
gation as substant ia l  instrument development costs  and cap i t a l  invest- 
ment is required. 



Sensitivity = 10 piso ~ c r c 3 / c i i v .  I 
FIG. 4.5.3.1 Transistor Noise at  0 Frequency recording 

made 1960 showing transistor having abrupt 
shifts i n  signal. This record was the most 
pronounced recording of 100 transistors where 
noise of this nature occured in various amounts. 



4.5.4 

4.6 

4.6.1 

Sui tab i l i ty  of Revised Program 

The revised l i m i t s  and procedures should show with reasonable 
confidence i f  a noise t e s t  will a id  us a means of eliminating 
uni ts  l i ke ly  t o  f a i l .  

The changes should improve resolution a t  the low frequency end 
without eliminating the distinction between low current and high 
current . 
The increased sample s ize  should permit more useful f a i lu re  c r i t e r i a  
than was possible on the i n i t i a l  experiment. 

Preliminary Results of Noise Experiment 

The initial step stress experiment was so l imited i n  sampPe 
s i z e  and the complexities so great t ha t  some acceleration method 
was necessary t o  determine the fac tors  necessary f o r  adequate 
r e d e s i g n  sf the future  experiment. 

End point contraction a s  an accelerating method. 

Much tlsefttl information can be expected from the  use of restric- 
end points as a means of gaining knowledge. 

The following experiments were conducted by analysis of the da t a  
using the following end points. 
l i m i t s  between normal i n i t i a l  l i m i t s  and normal end of l i f e  
l i m i t s  as used on l i f e  t e s t s  generally. 

These end points approximated 

Max . 
-zo-ix 
20 nA 

20 nA 

20 nA 

V 

0375 v 
-810 V 

3 5 0 )  A* 

*Ib f o r  IC = 20 lllA 



4.6.1 (Cont.) 

The va l id i ty  of  the results obtained by end point reduction i s  
such tha t  the r e su l t s  should not be interpreted as posi t ive o r  
f ina l .  
of many of the factors  involved without large scale experiments. 

However, this technique does simplify the determination 

4,6.2 The combined results of the noise experiments a re  shown by the 
following table  f o r  each test. 

In  t h i s  tab le  a noise l i m i t  was also a r b i t r a r i l y  selected which 
would represent the upper level of each noise distribution. 
noise was somewhat out of the indicated noise d is t r ibu t ion  envelope 
and represents uni ts  which were questionable i n  noise level .  

Thus 

Noise l i m i t s  used t o  c lassi fy uni t  as  high noise: 

1 0 0 y 5  A Max, 4,O pic0 amperes 

1 K C  5mA 2,O pic0 amperes 

1 KC 30 m~ " 170 pic0 amperes 

60 pic0 amperes i o  KC 30 d 

l o o  KC 30 m~ 22 pic0 amperes 

The table  shows the step number where the t rans is tor  exceeded 
e i the r  the set of l i m i t s  f o r  being out of l i m i t s  (contracted l imi t s )  
o r  out of normal naise distribution. 

Fig. 4,6,2.1 shows the tabulated r e su l t s  of the first s tep stress 
l o t  100 hour temperature t e s t  343-201, 

4.6.2,2 Results i f  noise is measured a t  the i n i t i a l  test. 

Three units tend t o  cnnfirm that  a noisy uni t  i s  an unreliable 
un i t  . 
No, A33 showed high noise on Test 1 ( I n i t i a l )  and f a i l e d  h m  on 
second test  ( a f t e r  first 100 hour s t ress ) .  

No B104 f a i l e d  i n i t i a l  test  a t  1 KC and a t  10 KC. 
developed high IcBo a t  end of first 100 hour of stress. 
showed high noise a t  first measurement and l a t e r  developed leakage 
on the  4th measurement (af ter  34Ooc s t ress ) .  

This uni t  
No. c62 

This shows tha t  three bad u n i t s  were detected by a noise test ,  but 
not by or iginal  t e s t s  by other means a s  defined by the 2N718A speci- 
f icat ion.  

4.6.3 Validity of above notes 

This analysis leads t o  several doubts which need f u r t h r  investigation. 
Each t rans is tor  i n  t h i s  l o t  was submitted t o  the temperature s t r e s s  only. 
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It may have been noisy due t o  a mechanism which required voltage 
also o r  power as covered i n  the experiments shown i n  4.6.4, 
analysis of the other l o t s ,  

There may be several variations of the f a i l u r e  mechanism associated 
with noise each accelerated by a different stress o r  combination 
of s t resses .  

It is necessary t o  think i n  terms of a noisy t rans is tor  having a 
greater probabili ty of fa i lure  and mt r e ly  f o r  proof the f a c t  t ha t  
a t rans is tor  o r  small sample did not f a i l  a given experiment. 
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Test 343-201, 100 hour tread temperature step s t ress .  
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Three units A-3, B84 and B421 showed high noise on the i n t t i a l  test 
but did not fa i l  due t o  temperatwe stress. 

4.6,3,2 Noise conditions may require act ivat ion before noise becomes 
useful as a predictor,  

If noise conditions are aesociated with any phenomenon involv- 
ing surface charges or ionization, it is very possible that 
noise t e s t s  on a uni t  which has been i d l e  f o r  a long period 
may not be as useful as a predictor as noise tests made after 
s t resseso  

Examination of Fig, 4.6.2.1 shows more un i t s  having noise a f t e r  
first stress than before stress.  

I n  t h i s  case the uni t s  exceeding noise limits and l&r f a i l i n g  
other test l i m i t s  ape shown by the 
where noise l eve l s  are exceeded. 

( % >  
around Na. 2 or s tep  

This shows a much be t t e r  prediction but also is  inconclusive 
because noise detection by t h i s  means i s  mainly improved by 
detect ing process C un i t s  which emeeded the  l i m i t s  shown. 
This can be due t o  a normal s h i f t  of the population or by the 
fact tha t  these were f a i l i ng  anyhow. 

4-6.4 Results as applied t o  other tests. 

I n  the next test as shown by Fig, 40604a1, there  was no un i t s  
i n  Process A which showed prediction by noise rneasuretnthnt. 

Process B showed some def ini te  trend t o  confirm detect ion by 
e i t h e r  i n i t i a l  t e s t  o r  noise t e s t  a f t e r  first s t r e s s ,  \ 

Fig, 40604,1 repeats the resu l t s  of the 500 hour temperature 
only t e s t ,  
pa r t  i n  the degradation so some d i f fe ren t  mechanism may be 
act ivatedo 

I n  this casep however, voltage pleys an important 

The remaining t e s t s  showed similar inconclusive r e s u l t s  though 
the  three processes differed considerably. 

Process A allpast no predictabi l i ty ,  
Process B possibly f a i l u r e  ra tes  would be improved. 
Process C f a i l u r e s  too high t o  j u s t i f y  a conclusionb 
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4.6.5 Predictabi l i ty  by Noise Measurement 

Three lots (343-202, 4 & 6) were reviewed t o  determine i f  t h i s  
small sample experiment would show evidence of pred ic tab i l i ty  
when methods were applied to a l l  three processes simultaneously. 

INITIAL MEASUREWNT FIRST STEP MEASUREMENT 
Total Good Fa i l  Total Good Fa i l  

Total 
Failed 
Test 

1 1  
I+ 

19 

17 

14 

15 

Below 

47 - 7 

From t h i s  conapa-Pison 52 units out of 90 were good by the a rb i t ra ry  
l i m i t ,  
a mise t e s t  was made. 
l i t t l e  meaning, 

This shows 5% good in the en t i re  l o t  and 60% good a f t e r  
This is a very small improvement and has 

27 

If the noise test, were made af te r  the first s tep,  the percentage 
good increased t o  71% from the 5% shown good on the or iginal  
l o t .  

0 47 

4.6,6 Effect of Noise Frequency on Predictabi l i ty  

9 53 
I 

I 

INITIAL NOISE 

Normally 58% Good, 4 8  Bad. 

I STEP NOISE 

Good 

NO. % 

v L 1;3 

9 47 

PO 59 

11 79 

8 53 

Fa i l  
assed 

Good I Fai l  

20 54 117 - 46 

Figure 4,6.6.1 is a study of the uni ts  which f a i l ed  the noise 
t e s t ,  
a greater percentage of bad u n i t s  than good u n i t s .  

The or iginal  l o t  showed 58% good u n i t s  and 42$ bad. 
cent underlined showdtnore than the normal amount of bad uni t s  
and thus would improve t h e  r e l i ab i l i t y ,  

From t h i s  s tudy  we can see which noise t e s t  would se lec t  

Each per 



4,6,6 (cow,) 

For instance? the PO0 cycle noise Wsk a t  the i n i t i a l  reading 
tlad 5% “UZC: units t oqa red  hiith 420 in the lot wittlailt noise 
selection, This would eliminate 15; more bad uni ts  than good, 

If the t e s t  were taken af te r  the f irst  s tep (second reading), 
t h i s  percentage detected becomes 71% o r  an improvement of 2946, 

Some conclusions from above: 
method is  s t i l l  very crude, 
determine if‘ some correlation existed and are  subject t o  many 
e r m r s o  Some def in i te  statements e m  be made without fur ther  
studyo 

The above t e s t  o r  experimental 
The l i m i t s  were chosen only to  

1, Noise frequencies are  not equally effective,  

2, More effec:tive resu l t s  can be made by s t ress ing devices p r io r  
$0 noise measurement, 

3. Reliabi l i ty  e m  be decreased by the noise t e s t  because more 
“good” uni t s  than bad units w i l l  be removed from the l o t  i f  
the noise t e s t  limits o r  frequency were chosen incorrectly,  

4,6,7 For the puwoses of t h i s  section, the re la t ion  between noise 
and each individual parameter i s  studied, 
sis of the re la t ion  between noise and each individual failure 
c lass  w i l l  be made after phase I11 when greater  quantit ies of 
each f a i lu re  a re  available f o r  studyo 

A more detai led analy- 

Figo 4,6,7BP is a red-  of the i n i t i a l  test f a i lu re sp  second 
test  and third %est faUwea vs %he noise tes t  taken a t  the 
i n i t i a l  t i m e ,  
percentage detected of all bad wits a t  the i n i t i a l  noise t e s t  
and the noise t e s t  a t  $he second t e s t ,  

The number in the body of the tab le  shows the 

This table  re la tes  the effectiveness i n  finding the d i f fe ren t  
types of parameter failures, 
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7 8  

FIG. 4,6,7.2 

This table  ca r r i e s  the reasoning of 4,6,7.1 fur ther  t o  show the 
percentage re la t ion  between the original percentage of bad uni t s  
within the l o t  exhibiting f a i lu re  t o  the par t icu lar  parameter to the 
percentage detected by the noise. 
is the  detection of the same r a t i o  as  shown i n  the i n i t i a l  l o t  2, 3 ,  
etc.  i s  2 o r  3 times normal expectancy showing be t te r  detection of tbe 
bad parameter (ex. 
normal ) 

This is shown by a r a t i o  where 1 

100 cycle shawed detection of 20% where '16.66 was 

INITIAL TEST 
f-----5MA--j 

PARAMETER 
FAILED 100 X C  

ICBO @ 5v 1.2 

%BO Q 'OV 07 

IEBO 1.8 

ICE0 1.9 

hFE 3.8 
TOTAL - 23.1 

AVERAGE, EFFECTIVENESS - 2,9 

200 

1.4 

306 

2.3 

2.9 

--- 
11.0 

3.0 
26.2 
3.3 

AFTER 

3.2 

2.0 

4.5 

3.8 

2.9 

1oeo 

3.6 

3.8 
3308 
4.2 

1.2 0 75 

09 .7 

1.8 09 

11.0 3.6 

3.0 1.5 
2101 1000 
2.6 1025 

?IRST STEP 

2.8 1,6 

2.3 1.1 

504 2-7 

3.8 2.3 

3.7 105 

2e0 10.0 

11.0 7.2 

3 , 8 -  2.6 
34.8 29,O 
4.4 3.6 



TABLE 4.6.7.2 

1. 

2. 

3. 

4. 

Screening effectiveness r a t i o  shows several  in te res t ing  facts: 

At 10KC, 30 MA, noise tes t  of units showed iess  noise f o r  un i t s  
which f a i l e d  ICBO at  5 & 60 v o l t s  and I or  more quiet  un i t s  
thar: r,oisy u i l i t s  fa i led,  
ment 1.25 times as  many noisy u n f t s  In the  combined r e j ec t s  as  there  
were ir, fhe or iginal  sample. 

In  general, tgg!e was only a small improve- 

VaE(sAT) shows some substantial  correlat ion indicating tha t  11 times 
as  many uni t s  were noisy i n  the f a i lu re s  as 
lat ion.  The quant i t ies  of fa i led un i t s  are small, however, giving 
a lower confidence fac tor  for t h i s  conclusiono 

i n  the  or ig ina l  popu- 

Referring t o  paragraph 4.5el, the 100 cycle noise was expected t o  
be ineffect ive due t o  sens i t iv i ty  of the  reading. It does prove t o  
be almost as  e f fec t ive  as the two 1KC noise a t  the  i n i t i a l  t es t  but 
less ef fec t ive  l a t e r .  
l a t e r  tests due t o  a change i n  procedure using 1 MA f o r  loo+, 
nzay become as effect ive as other tests" 

The effectiveness i s  expected t o  improve on 
This 

The effectiveness of the 1100-tests a t  the  i n i t i a l  reading is  the 
same as  a t  the first step reading, This may indicate  t h a t  it w i l l  
be the  most useful when improvements a re  made. 



4.6,8 The 100 cycle noise test comparison fo r  the 3 processes: 

Fig. 4.6.8.1, 2, & 3 show the d i s t r ibu t ion  of values found on 
the i n i t i a l  reading of units which did not exceed the test  
l i m i t s  and uni t s  which did exceed these l i m i t s ,  

The three graphs show percent a t  or above the various noise levels.  

Each curve shows effects  which tend t o  substantiate the theory 
outlined i n  Section 4.3.5. If f l i cke r  noise i s  due t o  a component 
which is  due t o  fac tors  which a re  not associated with degradation, 
and also with fac tors  which can be associated with degradation, 
we would expect resu l t s  similar t o  the r e su l t s  shown i n  the three 
graphs 

All three graphs tend t o  show tha t  there a re  two d i f fe ren t  dis-  
t r i b u t i o n s .  One mechanism produces a d i s t r ibu t ion  which shows: 

Process A 

Process B 

1% of uni t s  greater than 33 pic0 amps. 

1% of uni t s  greater than 34 pic0 amps. 

Process c 1% of uni t s  greater than 37 pic0 amps. 

This is as shown by the dotted l i n e  extension of the major par t  
of the dis t r ibut ion.  

Super i mposed on this dis t r ibut ion is  noise possibly generated 
by another mechanism. 

Process A has a much smaller percentage of un i t s  which a re  
included i n  the second dis t r ibut ion which possibly can be ident i -  
f i ed  by a noise - degradation relationship. 

Any study t o  determine the val idi ty  of the use of noise as a 
screening mechanism would require much greater sample sizes t o  
produce the  same va l id i ty  f o r  Process A than f o r  Process B o r  
c. 
Process B d i s t r ibu t ion  shows a marked difference i n  the d i s t r i -  
bution of the bad u n i t s f m a n y  other dis t r ibut ion.  This may be 
caused by the noise producing degradation mechanism being present 
i n  a11 t rans is tors  which failed,  In  the case of the Process C 
t rans is tors ,  the degradation type of' noise may not be present t o  
a noticeable degree because degradation occurs from a mechanism 
which produces no noise. 

Process A units  show too s m a l l  a percentage of un i t s  which a re  
bad due t o  any conditions t o  c lear ly  show any effect .  

The frequent reports of experiments r e l a t ive  t o  noise as a pre- 
d ic tor  tend t o  indicate a lack of correlation, In  t h i s  case, a 
small correlation ex is t s  on Process B but not on other units. 
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4.6.9 Effect of 1,000-5,oA Noise Test 

Fig, 4..6,?.1, 2, & 3 show the same comparison for Process A, B, 
and C when measured at 1,000- 5 micro ampere. 

In both cases, Process A and Process C, there is little if any 
discrimination between good and bad transistors, 

Process B, however, does show the difference found at 100 cycles. 

This curve though crude due t o  a small sample size does indicate 
that screening t o  a noise level would improve failure rate for 
instance screening to 22.5 pic0 amperes would discard 12$ of all 
units and eliminate 26% of the failures.  

There was no indication of an improvement possible from selection 
of either Process A or Process C as shown on Fig. 4.6.9.1 & 3 ,  
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4.6,10 Effect of Higher Current I n  @ 30 MA 1,000 

Fig. 4,6,iOai, 2, & 3 show t'ne d is t r ibu t ion  of the three processes 
a t  1,000-,30 MA, 

T h i s  change shows no improvement over tests made a t  5 microamperea 

Two new sources of measurement e r ror  are  introduced, however. 
These would explain the apparent poor shape of the d is t r ibu t ion  
curve . 
1, Readings made below 100 are made on the 1 scale  of the meter. 

Readability of 1 division plus accepatble error  5% of f u l l  
scale would show only a small number of readings too high o r  

low.Readings made between 100 and 150 are  mde  on low end of 
the 3 scale where percentage accuracy of 

. the  guarantee. 
2 6  would be within 

2, The 30 MA a l so  introduced heating. 
t o  manually s h i f t  
average due t o  the delay causing higher temperature. 

If the operator paused 
scales, the noise might be greater  on the 
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4.7*1 Improvement possible by screening i5 a noise l i m i t ,  

Process A and Proeess C contain a percen$age of mits tha t  do 
not show an overal l  gain when screened ko noise limits, 

Such gain can be concealed fcr three diffePent reasons t o  be 
invest iga t.ed furtiner : 

1. The percentage of units within the d is t r ibu t ion  and detect- 
able by a noise tes t  may be too small to be seen in the 
the quant i t ies  involved En this  experiment, 
4.6,8, 

See paragraph 

2, The f a i lu re s  for other reasons may be too frequent t o  detect  
the changes due t o  a small, percentage, 

3* If the noise mechanism 1s scme phenomenon invcjlving trapp;r)g 
of iolzs on. the surfacee the  transistor wodd need a voltage 
or  high r.emperature or some ocher stress mechanism t o  ac t i -  
vate the surfaces before the noise mechanism becomes active. 





4.7.2 Effect of Noise Test after First Stress 

Fig. 4.7.2.1 shows the effect of the noise test after activation. 

The percent good on all units has increased from a maximum of 
8 6  good after screening the Process B units to a maximum of 95% 
after screening. 

The same screening did not show an improvement in Process A or 
Process C. 

This experiment does show that screening to a noise test limit 
can detect failures but an improvement in the ability to detect 
will occur if noise test is made after the unit has been stressed. 

As previously stated, failures may be detected in Process A or  
Process C by the above mechanism but due to either a small number 
of failures for the specific cause or for a large number of failures 
due to some other cause, the effect may be concealed, 





4,7e3 Effects of Noise Test after F i r s t  S t ress  

Fig. 4.7.2.1, 2, & 3 show the overall  e f f ec t s  of making noise 
tests after one s t r e s s  level. The analysis here differs from 
4.7.2 i n  t h a t  failed units are plot ted as a d is t r ibu t ion  of per- 
centage of un i t s  vs noise level f o r  f a i l e d  uni t s  only. 

Process A now shows a mueh clearer  difference between good and 
bad uni ts  and the noise re lat ion than was  shown on i n i t i a l  read- 
ings (see 4.6.8.1). No change seems t o  take place i n  the  median 
values. 
between failure and noise. 

The very few fa i lure  uni t s  tend t o  indicate  a re la t ion  

Process B now shpm-a  def ini te  difference i n  d is t r ibu t ion  f o r  
units which f a i l  and those which do not, 

Process C now also shows an improvement i n  a b i l i t y  t o  detect a 
f a i l u r s  . 
All 6 graphs show a very similar basic d is t r ibu t ion  with a second 
superimposed dis t r ibut ion.  

I n  the case of Process A the e f fec ts  of the  secondary noise 
source are evident i n  1s of the unit80 I n  B the effect is 
evident i n  34% of the units and i n  C the effect is evident i n  
45% of the units. 
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4.8 Failure Mode vs Noise 

Comparison was made between the emula t ive  percentage d is t r ibu t ion  
of uni ts  wnich fa i led  various parameters and t h e  cumulative per- 
centage dis t r ibut ion of a l l  units i n  the 3 l o t s  343-202, 4 & 16. 
The 100 cycle 5 micro amp noise was used, 

Curve 4,8,1.1 and 4.8,1,2 shows the comparison between the dis t r ibu-  
t ions 

If we use the emula t ive  percentage d is t r ibu t ion  of a l l  un i t s  a8 a 
reference, several interest ing f a c t s  can be observed. 

1. 
higer than the 50th percentile of a l l  units.  This tends t o  confirm 
tha t  uni ts  which f a i l  have more noise. 
90th percentile shows lower noise for  uni ts  which f a i l  than f o r  a l l  
units.  
would then tend t o  deny the theory that noise can be used t o  predict  
f a i lu re s  ,, 

The 50th percentile of wits which f a i l e d  IEBO is  nokiaeably 

A comparison made a t  the 

Comparisons made using uni t s  which had the highest noise 

2. 
difference from the  dis t r ibut ion of a l l  units. 
l i t t l e  detectable difference. 

The 50th percentile of units which f a i l e d  ICBO shows l i t t l e  
In  general there  i s  

3. 
uni t s  which will fail .  The units, however, which showed the highest 
noise did not necessarily f a i l .  

A t  the  50th pel.eentile of un i t s  which f a i l e d  h there is a 
definite difference tending t o  show tha t  noise tes F s could de tec t  

This again is contradictory evidence. 

4. 
other than evidence tha t  i n  general they tended to have l e s s  noise. 

The units which failed VCE ( s a t )  show no difference i n  noise 

5. 
noise, but analysis of the resu l t s  of the  50th percent i le  would show 
no results analysis at the 90th percentile would tend t o  deny the 
theory, 

The *waits xhich failed EKE0 did s!mw that 2 percefitage had higher 

When the en t i r e  dis t r ibut ion is examined, these curves do tend t o  
confirm tha t  noisy uni ts  are more l ikely t o  f a i l o  However, it i s  
easy t o  see how l i t t l e  o r  contradictory r e su l t s  aoald 
using various analysis methodso 

be obtained 
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4.8,2 Relation of noise to fa i lure  when noise is  measured after 
the  first s tepo  

The ef fec t  of a noise mechanism which is activated by the  first s tep  
is e lear ly  whom by the change i n  the d is t r ibu t ion  of noise valves, 
This can be seen by comparison of Fig. 4080201 and 2 with 4.8.1.1 & 2, 

Comparison of these curves show a c learer  cause and e f f e c t  relation- 
ship f o r  most of the f a i lu re  modes examined. 

I n  the comparison of the noise of units p r io r  t o  the first stress 
there were too few high noise units among the  uni t s  which f a i l e d  
when this d is t r ibu t ion  is compared t o  the d is t r ibu t ion  of all units 
i n  the  or iginal  sample, 

This suggests a hypothesis that  w i l l  require a more complete ex- 
periment with the data  from phase I1 & 111. 

The mechanism which produces noise and degradation m u s t  have some 
operation of the t rans is tor  under s t r e s s  such as  voltage or voltage 
plus temperature before noise can be used as a predictor of r e l i a b i l i t y .  

It is possible t h a t  the  small amount of i n i t i a l  t es t ing  p r io r  t o  the 
f irst  test did ac t  t o  par t ly  act ivate  t h i s  mechanism. 
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4.9 Conclusions 

4.9.1 Limitations of the Analysis Method used. 

The method of analysis used in the experiment i s  subject t o  
several l imitat ions which must be understood: 

1, Use of a t igh ter  than normal end of l i f e  l i m i t  d id  produce 
the e f fec t  of acceleration, 
p r i a t e  t o  the f a i lu re  rates shown t o  f a i l u r e  r a t e s  under any 
other end point, i s  unknown, It undoubtedly d i f f e r s  fo r  each 
process 

The acceleration fac tor  appro- 

2. The mechanism which activates the noise prediction is  also 
unknown. This experiment does not guarantee t h a t  a l l  such 
mechanisms were fu l ly  activated. 

4.9.2 Findings f o r  device processes under study. 

1. The experiment does show tha t  there is  a poss ib i l i ty  t ha t  
noise can be used as  a predictor of r e l i a b i l i t y  i n  a manner 
which w i l l  permit improvement of the r e l i a b i l i t y  of the prod- 
uct. 

2. The low frequency noise appears t o  t e  much more effect ive than 
other frequencies, 

3 ,  Measurement of noise appears much less effect ive on a new 
device than it is on a device after being stressed. 

4.9.3 Work Unfinished 

1. An inadequate number of fa i led  units were on hand t o  ident i fy  
differences i n  r e su l t s  for the three processes separately. 
The more detai led experiment i n  Phase I1 and I11 should pro- 
vide substant ia l ly  more information because more f a i lu re s  of 
each c lass i f ica t ion  will be available. 

2. Study of the "noise activation" processes is  necessary. Use 
of noise t e s t s  as an intermediate s tep  i n  a stress - screen- 
ing method w i l l  probably be effective.  However, a shor t  period 
stress, (voltage, or voltage-temperature) m a y  be equally effec- 
tive. This w i l l  be ident i f ied further.  

3. Noise develops during degradation. However, i f  the t rans is tor  
action drops (hFE decrease), the noise indication w i l l  drop 
of f ,  This e f fec t  may be concealing some of the s t a t i s t i c a l  
e f fec ts  of noise. 
on the larger  sample to  determine the e f f ec t  of noise independ- 
ent of other f a i iu re  indicators. 

Further investigation w i l l  be conducted 



4.9.3 Cont. 

4. 

5. 

6, 

I n  f a i lu re  analysis, it was found tha t  noise was higher on 
uni ts  with surface degradation. 
i n  terns  of leakage. 
determine if the noise i s  recoverable i n  a d i r ec t  re la t ion  
t o  the amount the surface i s  recoverable. 

These u n i t s  are recoverable 
A more detai led study will be made to 

It is  possible tha t  noise which may remain a f t e r  the surface 
recovers w i l l  provide an important clue t o  the noise w s .  
degradation relationship,  

Process B data analysis shows a poss ib i l i ty  tha t  noise is 
related t o  degradation of the bonding a t  the post. 
of such f a i lu re s  a re  found i n  the phase 111, a controlled 
experiment t o  es tabl ish t h i s  relationship w i l l  be possible. 

If enough 

Several other f ac t s  have been noted i n  the preliminary study 
of noise vs f a i lu re  laechanism, 
end of' second quarter and w i l l  be included i n  the  3rd- Quarter 
Report , 

This work w a s  incomplete a t  



5.0 Phasez  Screening Experiment 

The ef fec t  of the screening experiment is included on a p r e l h i n -  
ary basis only. This report  covers the percentages l o s t  on each 
l o t  and t o  three s e t s  of l i m i t s .  

The percentage f a i lu re  at 300°C f o r  process C is not as  great  as  
expected from the i n i t i a l  s t e p  stress experiment. 

This shows a t o t a l  f a i lu re  of 5346. 
this higher . 
Some serious destruction may occur from the 25 KG centr i fuge ctl9 
the Process C un i t s  however. 

Brief review of observed results on Phase 11. 

There are several other interest ing d e t a i l s  present from t h i s  
data. 

Previous estimates had placed 

5.1 

1. 

2. 

Process B u n i t s  do not seem t o  increase i n  percentage failures 
when a 300°C is used over a 200°C b6hhJ Process A has 
a sharp increase i n  percentage f a i lu re s  from 1.2 t o  13.3 per- 
cent. Process B shows 1 2  percent a t  e i the r  condition. The 
A1-A1 bonding m a y  account f o r  no temperature d i f f e rmces  but 
failures are due t o  some other mechanisms. 

Process C un i t s  seem t o  be usually good a t  the first s t ep  
25OOC plus 30 volts. 
mechanism is not similar to  the other f a i l u r e  nechanisms. 

This indicates t h e i r  dominant; failure 

The character is t ic  fa i lure  of Process C unihseems t o  be 
cracks i n  the s i l i con  under the bond. 
not develop a t  the 250'C level. 

This mechanism m a y  

5.2 -lanation of Tablulated Results. 

Fig. 5.2.1 shows the tabulated data  f o r  a l l  f a i lu re s  i n  the 
phase I1 experiment. These are expressed i n  percentages. 

Failures were chosen as units which exceeded three separate s e t s  
of l i m i t s  of 1, 10, and l O O X  f o r  leakage and-h i t ia l .  I n i t i a l  - + 
lo$ and I n i t i a l  - + 2 6  f o r  three leve ls  as  follows: 

LEVEL 1 2 3 

ICBO @ 60V 10 nA 100 nA 1 m A  

YA Imo@ 5v 10 nA 100 nA 

BVCEO 32 v 29 U 26 V 

hm f i n .  35 31.5 28 

M a x .  150 165 180 



c! 
N 
u\ . .  

! s  H 

W 

000 000 

000 000 

cv 
0 

O Q d  O Q O  

0 000 
‘4’0. 

000 000 

N 
090 Q O r i  

000 000 

+* 
000 000 000 000 + o o  000 

000 000 000 000 000 000 

000 000 000 000 000 000 

Q 0 m u  =t b 
0 .  

0 0 000 000 b 0 400 .$oo 

000 0 6 0  6 6 0  060 6 6 0  000 

Q I I  0 1 1  Q I I  0 1 1  I 1  0 1 1  O i l  0 1 1  

\o . 
N 

0 
0 1 1  0 1 1  0 1 1  0 1 1  0 1 1  0 1 1  d l l  0 1 1  

G 
0 1 1  0 1 1  0 1 1  0 1 1  + ( I  O i l  0 1 1  0 1 1  

N 
0 1 1  0 1 1  0 1 1  0 1 1  0 1 1  0 1 1  0 1 1  d l l  

0 1 1  0 1 1  0 1 1  0 1 1  0 1 1  O i l  0 1 1  0 1 1  

nhn nnn nnn nnn nnn n-n nnn nnn 

www www www www w w v  www www w - v  
d N c ?  d N c ?  r l N c ?  d N c ?  d N c ?  d N c ?  d N c ?  dNc? 

4 4 4 4 a ua m a 

3 
T I  
E U  
3 
0 

u\O 
\ O N  

ul 
c, 
.rl c a 
0 
a3 



n 

6 
0 
V 
W 

r! 
N 
m 

0 

0 

a 
c4 

Q Q O  000 

m m 
0 0 0 0  OQcd 

0 0 

000 000 000 

000 000 000 

000 000 000 

00 
0 

000 000 0 0  

0 0 6 0  
'?'? 

000 

0 1 1  0 1 1  0 1 1  0 1 1  

0 1 1  0 1 1  0 1 1  0 1 1  

0 1 1  0 1 1  0 1 1  0 1 1  

a u\ m r'; . 
Q l l  ( ? I 1  N I I  N I I  

a n v) m 
3 

n n 
P 
0 m 
+ 

m u  
0 
d 0  a m  
O N  a-  

0 
0 
rl 

+ 
00 
rl 
40 a m  
O N  a -  

n 
0) 
M 

4 
3 P 
c 

* * *  



5.3 Overall Results (Drop Out) 

Fig. 5.3.1 shows the combined percentage failures to initial limits 
only. 
over the initial limits used in the specification. 

This table assumes that screening limits would not be increased 



OVERALL EFFECTS OF FIRST 3 TESTS OF PHASE 2 

TEST PROCESS % FAILUBE 

1. 5 Months Storage A 0 

B .7 

C 3.9 

2. 250°C + 30V 

30 300"c after 2 

4. 200"~ after 2 

5. Centrifuge 0 25 

-3  

7.0 

1.0 

A 13.3 

B 12.1 

C 53.4 

1.2 

12.7 

24.6 

0 

4.7 

.8 

Centrifuge at 25 KG following the Step 2 was not ccmpleted as of March 31, 

19& and w i l l  be reported later. 




